INTRODUCTION
Soil scientists have long been interested in pedotransfer functions that are used to estimate soil water holding characteristics from commonly measured soil composition data. These water holding characteristics are necessary, along with other inputs such as weather, for use with crop models such as the Crop Environment Resources Synthesis (CERES) models that predict yields of maize, wheat, and so on (Jones and Kiniry 1986). Although crop yields are of interest in their own right, our interest is in using these models to assess the impacts of the interannual variability in climate as well as climate change. Crop yields are a useful integration of the weather during a growing season and provide a meaningful Agricultural, Biological, and Environmental Statistics, Volume 11, Number 4, Pages 462-480 DOI: 10.1198/108571106X154957 summary measure of the meteorology at a specific location. Considering the difference in the average yields predicted by the crop models under weather simulated from present and a possible future climate is a metric for climate change with agricultural and economic import. However, the uncertainty and variation in the predicted yields are also of vital concern to scientists, researchers, and policy makers. In particular, it is important to quantify how variation in the soil characteristics influence the crop models. Understanding the uncertainty in the soil characteristics as well as other inputs to the crop models will further our understanding of the uncertainty in the predicted crop yields and the impact of climate change.
SOIL CHARACTERISTICS
The water holding characteristics of a soil are generally characterized by measurements of the drained upper limit (DUL) and wilting point or lower limit (LL). The DUL is defined as the amount of water that a particular soil can hold after drainage is virtually complete. The LL is defined as the smallest amount of water that plants can extract from a particular soil. These values are often measured at different depths at a single location, yielding an entire profile of water holding characteristics. It is this soil water profile that is one of the required inputs for the CERES crop model.
The direct measurement of DUL and LL is difficult and is available only for a limited number of soils. In order to apply the crop model to a wide variety of soils, it is necessary to infer DUL and LL from more commonly measured soil characteristics based on soil composition and it is these measurements of the percentages of clay, sand, and silt that are key components of most pedotransfer functions. Other variables are also at times incorporated into pedotransfer functions. These include, for example, bulk density (the weight of dry soil per unit volume of soil) and the amount of organic carbon in the soil.
MODELING APPROACHES FOR PEDOTRANSFER FUNCTIONS
A number of different approaches to the development of pedotransfer functions have appeared in the literature. Multiple regression, nonlinear regression (e.g. neural networks), and nonparametric methods such as nearest-neighbor regression have been used along with methods based on established physical relationships and differential equations. Several reviews have appeared in the literature discussing the various forms of pedotransfer functions including Rawls, Gish, and Brakensiek (1991 ), Timlin, Pachepsky, Acock, and Whisler (1996 ), Minasny, McBratney, and Bristow (1999 ), Pachepsky, Rawls, and Timlin (1999 , and Gijsman, Jagtap, and Jones (2002). However, there are still issues in applying modern statistical models to this problem and, just as important, in characterizing the uncertainty of the estimated pedotransfer function.
IMPACTS FOR SOIL AND STATISTICAL SCIENCE
We propose a flexible procedure based on an additive, multivariate spatial process model that simultaneously models the entire soil water profile of LL and DUL yielding a new and
